Summary
bioprocess is of potential use for this purpose and we review microbial production of conjugated fatty acids in this paper.
Useful reaction for CLA production by microorganisms

20
Isomerization of linoleic acid to CLA
To establish efficient processes for CLA production, we screened lactic acid bacteria for the ability to produce CLA from linoleic acid. More than 250 bacterial strains from 14 genera were examined, and strains belonging 4 to the genera Enterococcus, Pediococcus, Propionibacterium, and Lactobacillus were found to produce considerable amounts of CLA from linoleic acid. All strains produced two specific isomers of CLA, i.e., cis-9,trans-11-18:2 (CLA1) and trans-9,trans-11-18:2 (CLA2), together with two hydroxy fatty acid, i.e., 10-hydroxy-trans-12-octadecenoic acid 5 (18:1) (HY1) and 10-hydroxy-cis-12-18:1 (HY2). From these strains, Lactobacillus plantarum AKU 1009a was selected for its potential to produce CLA from linoleic acid 1) . The mechanism of CLA production from linoleic acid in relation to hydroxy fatty acid production was investigated using L. plantarum AKU 1009a as a representative strain, and we showed 10 that linoleic acid isomerization to CLA by lactic acid bacteria consists of at least two successive reactions, i.e., the hydration of linoleic acid to 10-hydroxy-18:1 and the dehydrating isomerization of the hydroxy fatty acid to CLA (Fig. 1) . Only the free form of linoleic acid acted as a substrate for CLA production by lactic acid bacteria, i.e., the ester and triacylglycerol 
Desaturation of trans-vaccenic acid to CLA
10
We screened about 500 fungal strains and yeasts for the ability to produce CLA from trans-vaccenic acid (trans-11-18:1) through ∆9 desaturation.
The ability was widely distributed in filamentous fungi, and Delacroixia coronata IFO 8586 was selected for its potential to produce CLA from
trans-vaccenic acid 4)
. This strain efficiently transformed trans-vaccenic 15 acid and its methyl ester added to culture medium. Under optimum culture conditions in nutrient medium containing 33.3 mg/ml trans-vaccenic acid methyl ester, this strain produced 10.5 mg/ml CLA in 7 days. The produced CLA, most of which was obtained as triacylglycerol, comprised of CLA1 (98%) and CLA2 (2%).
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CLA produced by lactic acid bacteria is a free fatty acid. However, triacylglycerol-containing CLA is also interesting from physiological and nutritional viewpoints. As a method for the triacylglycerol production, CLA production -using molds that accumulate lipids as triacylglycerol -is 8 promising.
Production of conjugated trienoic fatty acids by lactic acid bacteria
Transformation of polyunsaturated fatty acids by lactic acid bacteria 5 We investigated the substrate spectrum of polyunsaturated fatty acid transformation by the washed cells of Lactobacillus plantarum AKU 1009a.
Among various polyunsaturated fatty acids examined α-linolenic acid (cis-9,cis-12,cis-15-18:3), γ-linolenic acid (cis-6,cis-9,cis-12-18:3), pinolenic acid (cis-5,cis-9,cis-12-18:3), and stearidonic acid 10 [cis-6,cis-9,cis-12,cis-15-octadecatetraenoic acid (18:4)] were transformed ( (( Table 1 Under the optimum reaction conditions using 13 mg/ml of γ-linolenic acid, the washed cells [32% (wet w/v)] produced 8.8 mg/ml of CGLA in 27 h.
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The produced CGLA comprised a mixture of the two isomers, i.e., cis-6,cis-9,trans-11-18:3 (CGLA1, 40% of total CGLA) and cis-6,trans-9,trans-11-18:3 (CGLA2, 60% of total CGLA), and accounted for 66% of the total fatty acids obtained. Seventy and thirty percent of the 11 CGLA produced were accumulated intracellularly (or associated with cells) and extracellularly, respectively, mainly as the free acid.
Discussion
5
In this review, we have examined practical CLA production and reveal that only two CLA isomers (CLA1 and CLA2) were produced from linoleic acid, ricinoleic acid or castor oil by lactic acid bacteria, suggesting that the biological CLA production processes are more isomer-selective than the chemical ones. However, it is still important to control the isomer 10 production ratio for a more selective isomer synthesis. We investigated the factors affecting the isomer ratio in CLA production from linoleic acid, and found that it could be controlled by changing the reaction conditions. For example, addition of L-serine, glucose, AgNO 3 , or NaCl to the reaction mixture reduced the production of CLA2, resulting in selective production 15 of CLA1 (about 75% selectivity) (6). CLA2 is produced with more than 97% selectivity, if the reaction is performed for longer using a low linoleic acid concentration. Highly selective production of CLA1 is also possible through filamentous fungi catalyzed ∆9 desaturation to trans-vaccenic acid.
The CLA produced by fungi is mainly in the triacylglycerol form, while 20 that produced by lactic acid bacteria is in the free fatty acid form (Fig. 3) .
(( Figure 3) ) 12 Not only CLA but also conjugated trienoic acids were produced by the washed cells of lactic acid bacteria. The isomer selectivity of lactic acid bacteria is advantageous for the trienoic acid transformation, which is hard to control by chemical methods.
As described in this review, micro-organisms exhibit unique fatty acid 5 transformation reactions, such as isomerization, dehydration, and desaturation, which are useful for conjugated fatty acid production. 
